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The relevance of  these results lies in providing normative 
data for nerve conduction parameters in healthy individuals, 
particularly focusing on the upper limb and the median 
nerves. The studies show that arm, forearm length, and 
wrist circumference can affect sensory nerve conduction 
parameters, such as amplitude, latency, and velocity, with 
variations observed between males and females. The data 
serves as a reference for neurophysiological laboratories in 
assessing nerve abnormalities and diagnosing peripheral 
nerve diseases. The results highlight the importance of  
considering gender and age stratification when interpreting 
nerve conduction study results, as these parameters can 
influence normative values. The studies contribute to the 
existing literature on nerve conduction studies and provide 
valuable information for accurate diagnosis and assessment 
of  nerve function in specific populations, such as the 
Nadia region of  West Bengal, India, and Indian subjects, 
in general.

DISCUSSION

Excessive screen time has been consistently linked with 
poor sleep quality and an increased risk of  sleep disorders. 
Research indicates that individuals who spend more than 
6 h per day on screens are at a higher risk of  experiencing 
sleep disturbances compared to those with screen time of  
2–6 h per day. Farhana et al.[17] investigated the relationship 
between smartphone screen time and the PSQI among 
preclinical medical students and found that there are 
positive correlations between smartphone addiction 
tendencies, low sleep quality, academic procrastination, and 
academic burnout. This study identified that students with 
a screen time of  more than 6 h per day have a 2.44 times 
greater risk of  sleep disorders compared to those with a 
screen time of  2–6 h per day. In our study, the screen time 
of  2 h per day shows a potentially adverse effect on the 
quality of  sleep as well as a positive correlation with PSQI 
global scores.

Krystel et al.[18] found that spending more than 4 h daily 
in front of  screens decreased sleep duration and quality, 
particularly on weekdays. Downing et al.[19] discussed the 
concurrent trajectories of  outdoor time, screen time, and 

sleep during early childhood, identifying four trajectories, 
including one with high screen time and high sleep. Maternal 
factors were found to be associated with group membership.

Santiago et al.[4] investigated that excessive screen time 
exposure is significantly associated with poor sleep quality. 
They also identified the association between sedentary 
screen time and sleep quality in adolescents, particularly 
noting that increased interaction with screens, such as 
video games and computers, could negatively impact 
sleep quality, particularly in adolescents with a higher 
risk of  anxiety. Thus, sleep quality partially mediates the 
association between screen time and negative emotions, 
such as depression, anxiety, and stress. Therefore, excessive 
screen time users are more likely to experience poor sleep 
quality and an increased risk of  sleep disorders. Screen time 
being a modifiable risk factor for poor quality sleep patterns, 
it should be prioritized as part of  lifestyle modification.

This study analyzed data from 38 countries and revealed 
that higher levels of  recreational screen use, both active and 
passive, were associated with sleep-onset difficulties among 
adolescents. Sleep is associated with difficulty in waking, 
affecting the quality of  the sleep.[20] Similarly, in our study, 
the component of  the PSQI indicated difficulties in waking 
up (sleep latency) among excessive screen time users.

Zhu et al.[21] found a J-shaped association between television 
viewing time and sleep disorder. The risk of  sleep disorder 
increased by 12.35% for each 1 h per day increment in TV 
viewing time beyond the threshold of  1 h per day. Our 
study found that 2 h per day is affecting sleep quality, which 
investigates the impact of  screen time on sleep disorders 
in preschool children.

Muhammad et al.[22] reported a mean total sleep duration 
of  6.7 ± 1.5, with 71% of  students experiencing poor sleep 
quality. They found a relationship between screen time 
and sleep quality among college and university students in 
Karachi. They found that students who had more than 2 h 
of  screen time on weekdays and weekends had a higher 
likelihood of  poor sleep quality. These results support the 
outcome of  the present study.

Dipika et al.[23,24] studied the correlation between screen time 
and sleep quality using the PSQI questionnaire and found 
a prevalence of  79% of  increased screen time with PSQI 
scores of  more than 5. They also observed the association 
between increased screen time and high PSQI scores as 
observed in the present study. Tezol et al.[25,26] reported 
excessive screen time and lower psychosocial well-being 
among preschool children. Freedman and Burke [26] and 

Table 4: Comparison of the PSQI global score between cases 
and controls

Sleep 
quality scale 

Cases  
(n = 89) 

Control  
(n = 78) 

Mean 
difference 

Unpaired 
t test 

Mean ± SD Mean ± SD
PSQI Global 
score

8.64 ± 4.42 3.2 ± 2.46 5.44 P < 
0.0001*** 

***statistically highly significant
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García-Hermoso et al.[27] reported developmental hindering 
due to excessive screen time.

CONCLUSION

Collectively, these results provide comprehensive insight 
into the crossmodal effects on the quality of  sleep, 
demonstrating that excessive screen time significantly 
impacts sleep quality, which can be assessed through simple 
questionnaire-based self-assessments. In conclusion, the 
findings of  this study highlight the hazards of  screen 
exposure on the quality of  sleep in adolescents. This study 
suggests that adolescents with excessive screen time may 
exhibit differences in the development of  sleep-related 
disorders compared to those with less screen time.

LIMITATIONS

This study has limitations regarding the population under 
study, as only those visiting the centers were included. 
This limitation hindered us from the calculation of  the 
prevalence of  excessive screen time and high PSQI global 
scores. This study did not take into account the time of  
exposure to screen time, as there were wide variations in 
time consistency for the usage of  gadgets.
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Abstract 	 Context: The Six-Minute Walk Test (6MWT) is a simple measure for objective assessment of physical fitness 
and exercise tolerance. It has also been standardized to follow up on the prognosis and progression of chronic 
cardiovascular and respiratory diseases. Though there are standardized formulas for analyzing the 6MWT results 
concerning age, height, weight, regional, and ethnic population these should be revisited considering the wider 
variations of subjects in the reference studies.
Aim: This article aims to compare the 6MWT performance among obese and nonobese, apparently healthy 
volunteers.
Settings and Design: A cross-sectional study was conducted in the Physiology Department, AIIMS Kalyani, 
West Bengal, India.
Materials and Methods: Age and sex-matched apparently healthy volunteers were included in the study 
after their consent. After collection of anthropometric data, they were divided into two groups; group A 
with body mass index (BMI) <30 kg/m2 and group B with BMI >30 kg/m2. The 6MWT was implemented 
according to standard guidelines; the Six-Minute Walk Distance (6MWD) and other parameters were noted. 
Statistical analysis was performed by Statistical Package for the Social Sciences software version 17 (IBM 
Corp., Chicago, IL, USA).
Results: The results revealed that a comparison was done between actual values and predicted values of 
6MWD. Among obese groups, the actual 6MWD covered was significantly lesser than the predicted values. 
Significant differences were also found between the two groups concerning Borg score, Calculated volume 
of oxygen max, systolic and diastolic blood pressures, respiratory rate, heart rate, and Peripheral capillary 
oxygen saturation.
Conclusions: The results revealed that our result shows that the weight-based reference equation for 
interpretation of 6MWT may not be sufficient for obese subjects.
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INTRODUCTION

The Six-Minute Walk Test (6MWT) is a widely used 
clinical assessment tool that provides valuable insights 
into an individual’s functional capacity and overall 
physical performance. Due to its simplicity, safety, and 
cost-effectiveness, the 6MWT has become an essential 
measure in various medical settings, including cardiology, 
pulmonology, and rehabilitation. It is the only test, in 
which functional capacity has been used as a factor for 
clinical assessment.[1] Six-Minute Walk Distance (6MWD) 
is the primary outcome of  the test. Studies have shown 
that the 6MWD is very effective in predicting survival, 
mortality, and morbidity in patients with chronic 
respiratory diseases. A 6MWD of  <350 m indicates an 
increased risk for hospitalization in chronic respiratory 
disease.[2] Research studies have established standard 
reference equations for the prediction of  6MWD based 
on age, height, weight, ethnicity, and gender. In India, 
Palaniappan and Chandrashekaran[3] have proposed a 
standard reference equation to calculate the ideal 6MWD. 
However, the mean body mass index (BMI) of  the subjects 
included in this study was 20–29 kg/m2. Therefore, 
the effect of  BMI >30 kg/m2 may not be optimally 
represented in this study.

In recent years, it has been reported that obesity has a 
significant impact on physical functioning and exercise 
capacity. Obesity has become a global health concern, and 
its prevalence has risen dramatically in both developed 
and developing countries.[4,5] It is established that obesity 
can independently decrease exercise tolerance, so 
investigating the differences in 6MWT outcomes between 
obese and nonobese individuals should be considered 
while interpretation. We have used the standard criteria 
of  BMI to define obesity. According to the World Health 
Organization, we have considered subjects with a BMI 
of  25.00–29.99 kg/m2 as preobese and a BMI of  30.0–
34.99 kg/m2 as class I obese.[6]

In this study, we wanted to analyze the 6MWD, heart rate 
response, blood pressure changes, Peripheral capillary 
oxygen saturation (SpO

2
), respiratory rate, volume of  

oxygen (VO
2
) max, and Borg score among obese and 

nonobese apparently healthy volunteers, in response to 
6MWT. We intend to shed light on the potential impact of  
obesity on functional capacity and identify any differences 
in their performances. The significance of  this study 
lies in its potential to quantify the understanding of  
obesity-related effects on 6MWT and its further clinical 
interpretation.

SUBJECTS AND METHODS

Study design and participants
An observational, cross-sectional study was conducted in 
the Department of  Physiology at All India Institute of  
Medical Sciences, Kalyani, West Bengal, India, between 
December 2022 and July 2023. In this study, we recruited 
two groups of  volunteers; group A with participants with 
a BMI of  <30 kg/m² and the other group B with obesity 
BMI ≥30 kg/m². Participants were selected based on 
specific inclusion criteria, such as age 18–50 years and 
absence of  any significant cardiovascular, respiratory, or 
musculoskeletal conditions that could affect their ability 
to perform the test. Informed consent was obtained from 
all participants before their inclusion in the study. The 
study was carried out adhering to all the ethical guidelines 
according to the Declaration of  Helsinki.

6MWT protocol
Pretest preparation
Before the test day, participants were provided with a 
detailed explanation of  the 6MWT procedure. The subjects 
were asked to refrain from vigorous physical activity on the 
day of  the test and to avoid caffeine and smoking for at least 
2 h before the test. They were asked to wear comfortable 
dresses and properly fitted walking shoes.

Equipment
A flat smooth, straight, and obstacle-free walking course 
of  30 m was marked. A stopwatch or timer was used 
to measure the 6-min duration accurately. Digital blood 
pressure measuring apparatus to record blood pressure 
readings. A pulse oximeter was used to calculate SpO

2
 and 

heart rate. The respiratory rate was also calculated before 
starting the test. The lap was counted in the worksheet. 
Other precautionary measures, such as chairs, oxygen 
cylinders, and automatic defibrillators, were kept ready as 
per standard guidelines.

Data collection
Anthropometric data (e.g., height and weight) of  
participants was measured before the test to calculate BMI. 
Vital signs (heart rate, blood pressure, and respiratory rate) 
were recorded at baseline, immediately after the test, and 
during the recovery period. 6MWD were documented. The 
Borg Scale was used to document any breathlessness.[7,8]

Procedure
Participants were instructed to rest for about 10 min on 
a chair near the starting point of  the walking course. 
Baseline measurements of  resting heart rate, blood 
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pressure, and respiratory rate were recorded. Participants 
were asked to start walking at a comfortable pace as soon 
as the test began. The timer was set at the start of  the 
walk, and subjects were asked to walk as far down the 
length of  the corridor as they could at their own pace for 
6 min. Standardized encouragement was provided every 
60 s during the test, with the following phrases: “You’re 
doing well” and “Keep up the good work.” All subjects 
performed the 6MWT for the first time with no warm-up 
period during the test; the number of  laps completed by 
participants was counted each time they returned to the 
starting point. Blood pressure, heart rate, and respiratory 
rate were monitored immediately after the test was 
completed. The total distance covered by each participant 
during the test was measured.

Data were collected by single-trained researchers to ensure 
accuracy and consistency.

Study equations
The predictive 6MWD equations were as follows:[9]

Indian males: 561.022 − (2.507×age [years]) + (1.505 × 
weight [kg]) − (0.055 × height [cm])

Indian females: −30.425 − (0.809 × age [years]) − (2.074 
× weight [kg]) + (4.235 × height [cm]

VO
2
 max calculation: VO

2
max prediction equation was as 

follows:[10]

VO
2
 max (mL/kg/min) = 12.701 + (0.06 × 6MWD m) – 

(0.732 × BMI kg/m2)

Data analysis
Descriptive statistics was used for analyzing participants’ 
baseline data. The 6MWDs were analyzed and compared 
between the obese and nonobese groups with predicted 
distances. Vital signs (heart rate, blood pressure, and 
respiratory rate) were compared before and after the 
test between the groups. Statistical tests were applied 
to determine significant differences between obese 
and nonobese groups. P < 0.05 was taken as statistical 
significance.

RESULTS

There is no statistically significant difference in the 
demographic variables, such as age and height, with a P 
value of  >0.05. There was a highly statistically significant 
difference in the demographic variables, such as weight and 
BMI, with a P value of  <0.0001 [Figures 1–7].

In this present study, Table 1 depicts the comparison of  
two groups according to demographic variables. It was 
found that all the parameters had their mean differences. 
An unpaired t test was applied. The age and height were 
statistically nonsignificant but the weight and BMI results 
were significant at 0.05 level of  significance.

Table 2 shows the comparison of  two groups according to 
clinical variables before and after 6MWT. During the pretest, 
there was a significant difference between diastolic blood 
pressure (DBP), respiratory rate, and heart rate between 
the groups. Posttest, systolic blood pressure (SBP), DBP, 
respiratory rate, and SpO

2
 become significant. Unpaired t 

test was applied at a P < 0.05 level of  significance.

Figure 1: Bar diagram showing a comparison of demographic variables between the groups
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Table 3 depicts the comparison of  two groups according 
to the BORG scale and calculated VO

2
 max. It was found 

that all the parameters had their mean differences. Unpaired 
t test was applied at a P < 0.05 level of  significance.

Table 4 depicts the comparison of  actual and predictable 
6MWD in the female and male population in each group. 
It was found that there is an extremely significant statistical 
difference in actual and predictable distances in group B for 
both female and male subjects. There were no statistically 
significant differences in actual and predictable distance in 
group A. One sample t test was applied at a P < 0.05 level 
of  significance.

Table 5 depicts the comparison of  Actual 6MWD in female 
and male populations in each group. It was found that 
there was an extremely significant statistical difference in 
distances in each group. Unpaired t test was applied at a 
P < 0.05 level of  significance.

DISCUSSION

In this study, we found that significant variations exist 
in the 6MWT outcomes between obese and nonobese 
participants. First, the 6MWD was significantly lower in 
the obese group compared with the nonobese group. The 
reduction in 6MWT performance in obese subjects could 

Figure 2: Bar diagram showing comparison of clinical variables between the groups before 6MWT

Figure 3: Bar diagram showing comparison of clinical variables between the groups after 6MWT
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be attributed to several physiological factors. Second, excess 
adiposity places additional strain on the cardiovascular 
system, leading to decreased cardiac output and impaired 
oxygen delivery to tissues during exercise. Third, the 
increased weight and mechanical load on the lower limbs 
can result in muscle fatigue and reduced efficiency of  
movement during the test. Finally, obese individuals often 
experience reduced pulmonary function, which limits their 
ability to exchange oxygen and carbon dioxide effectively 
during physical activity.

We also observed significant differences in the heart rate, 
blood pressure, and respiratory rates following 6MWT 
between the two groups. Obese individuals exhibited 

higher resting heart rates and higher resting diastolic blood 
pressure. Following the test, the increment of  heart rate 
and Blood pressure was higher in obese subjects compared 
with nonobese subjects. Obese individuals tended to have 
a higher respiratory rate both at resting and after the test, 
indicating potential difficulties in respiratory function and 
breathing efficiency. Decreased cardiorespiratory fitness 
of  the obese group may have contributed to reduced 
exercise capacity. Increased cardiovascular and respiratory 
difficulties were also reflected by the significant Borg score 
and calculated VO2 max

 among the obese group compared 
with the nonobese group. Shanmugasundaram et al.[11] has 
shown obesity/overweight causes significant changes in 
lung volumes, capacity, and airway mechanics, and the 

Figure 4: Bar diagram showing a female gender-wise comparison of actual and predictable 6MWD between the groups

Figure 5: Bar diagram showing a male gender-wise comparison of actual and predictable 6MWD between the groups
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effect is more pronounced in females compared with males. 
Previous studies by Carli et al.,[12] Dixon et al,[13] and Shete et 
al.[14] have shown the effect of  obesity was based on heart 
rate, VO

2
 max, and cardiovascular fitness. 6MWT, which 

is considered to be a submaximal physical function test 
for nonobese subjects, may be maximal for obese subjects.

We also found that there is a significant reduction in actual 
6MWD in the obese group, both in females and males, 
compared with predicted 6MWD. We used the reference 
equation proposed by Palaniappan and Chandrashekaran3] 
for the calculation of  6MWD. This is the only reference 
equation for Indian subjects, in which weight is an 
independent factor for the calculation of  6MWD. There 

are two other reference equations by Vaish et al.[15] and 
Agarwal et al.,[16] for calculation of  6MWD for Indian 
subjects. However, in all of  these studies the average BMI 
was below 30 kg/m2, so none of  these studies has the 
result of  the effect of  obesity on 6MWT. Therefore, these 
reference equations may not be sufficient to reflect the 
effect of  6MWT in obese subjects.

The word “apparently” (Collins Dictionary) indicates that the 
information given is something that is, heard, but not certain 
it is true. The obese population, in our study, did not have 
any diagnosed major illnesses, such as diabetes, hypertension, 
metabolic syndrome, or on any medications. Although obesity 
itself  is a condition affecting the normal physiology.[17]

Figure 6: Frequency distribution showing actual distance of 6MWT among the female population

Figure 7: Frequency distribution showing actual distance of 6MWT among the male population
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Obesity has been shown to have a significant impact 
on pulmonary function. The effects of  obesity on lung 
function are attributed to both mechanical factors and 
complex metabolic effects that contribute to a pro-
inflammatory state.[18] Studies have demonstrated that 
an increased BMI is associated with a decrease in forced 
expiratory volume in 1 s, indicating impaired pulmonary 
function.[19] Obese individuals often experience marked 
decreases in expiratory reserve volume and functional 
residual capacity, whereas total lung capacity, residual 
volume, and spirometry are generally within the normal 

range.[20] Additionally, obesity is associated with impaired 
gas transfer, with decreases in oxygenation and varied 
effects on diffusing capacity for carbon monoxide.[13] 
These findings suggest that obesity can limit the ability 
of  individuals to effectively exchange oxygen and carbon 
dioxide during physical activity.[21]

The physiological differences between obese and 
normal-weight individuals during the 6MWT can indeed 
be a crucial aspect to consider in research and clinical 
settings. The 6MWT is a commonly used measure of  

Table 1 : Comparison of demographic variables between the groups

Variables Group A (n = 40) Group B (n = 40) Unpaired t test (DF = 78) 
Mean ± SD Mean ± SD

Age 29.6 ± 5.38 30.45 ± 7.95 t = 0.56, P = 0.57 (NS)
Height 159.9 ± 4.52 158.55 ± 7.24 t = 1, P = 0.32 (NS)
Weight 63.65 ± 6.20 87.55 ± 10.84 t = 12.1, P < 0.0001***

BMI (kg/m2) 24.89 ± 2.20 35.05 ± 3.08 t = 16.97, P < 0.0001***

DF: degree of freedom, NS: not significant (P > 0.05).
***Extremely significant = P ≤ 0.0001

Table 2: Comparison of SBP, DBP, HR, respiratory rate, and SpO2 between the groups in pretest and posttest

Assessments Group A (n = 40) Group B (n = 40) Unpaired t test DF = 78 
Mean ± SD Mean ± SD

Pretest SBP 114.25 ± 7.91 118 ± 8.98 t = 1.98, P = 0.51 (NS)
DBP 75.57 ± 9.17 80.45 ± 8.14 t = 2.51, P = 0.013*

Respiratory rate 16.4 ± 1.80 20.4 ± 2.57 t = 8.21, P < 0.0001***

HR 89.12 ± 15.42 100.4 ± 15.76 t = 0.3.23, P = 0.0018*

SpO2 98.2 ± 1.09 98.52 ± 0.55 t = 1.65, P = 1.101 (NS)
Posttest SBP 116.47 ± 9.48 122.57 ± 11.71 t = 2.56, P = 0.012*

DBP 76.8 ± 7.89 86.92 ± 6.75 t = 6.16, P < 0.0001**

Respiratory rate 19.45 ± 2.79 24.4 ± 3.09 t = 7.51, P < 0.0001***

HR 105.77 ± 20.40 106.8 ± 18.05 t = 0.23, P = 0.81 (NS)
SpO2 98.42 ± 1.00 98.92 ± 0.26 t = 3.06, P = 0.003*

SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate, SpO2: oxygen saturation (on room air), NS: not significant (P > 0.05), DF: 
degree of freedom.
*Significant = P < 0.05.
**Very high significant = P ≤ 0.001.
***Extremely significant = P ≤ 0.0001

Table 3: Comparison Borg score and calculated VO2 max between the groups

 Group A (n = 40) Group B (n = 40) Unpaired t test 
Mean ± SD Mean ± SD

BORG score 0.67 ± 0.93 2.13 ± 1.10 t = 6.38, P < 0.0001***

Calculated VO2 max 25.47 ± 5.81 11.00 ± 4.56 t = 12.39, P < 0.0001***

NS: not significant (P > 0.05).
***Extremely significant = P ≤ 0.0001

Table 4: Gender wise comparison of actual and predictable 6MWD between the groups

Groups Actual 6MWD Predicted 6MWD One sample t test 
Mean ± SD Mean ± SD

Group A Female (n = 21) 489.76 ± 37.62 493.49 ± 18.98 t = 0.4, P = 0.65, DF = 20 (NS)
Male (n = 19) 585.42 ± 33.85 583.14 ± 16.69 t = 0.32, P = 0.75, DF = 18 (NS)

Group B Female (n = 21) 380.14 ± 50.83 431.64 ± 21.45 t = 4.64, P = 0.0002**, DF = 20
Male (n = 19) 420.52 ± 68.56 606.82 ± 26.67 t = 11.84, P = 0.0001***, DF = 18

DF: degree of freedom, NS: not significant (P > 0.05).
**Very high significant = P ≤ 0.001.
***Extremely significant = P ≤ 0.0001
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functional exercise capacity and cardiovascular fitness. 
Here are some potential physiological differences that 
might need to be considered when comparing obese and 
normal-weight groups in the context of  the 6MWT. In 
the cardiovascular system, the cardiac output in obese 
individuals may have a higher resting condition due to 
increased blood volume and higher metabolic demands 
associated with excess body mass. The heart rate response 
to exercise may differ, with obese individuals potentially 
exhibiting a different heart rate pattern during and after 
the 6MWT. In respiratory function, ventilation in obese 
individuals often experiences altered lung mechanics and 
reduced lung compliance, which can affect ventilation 
and respiratory efficiency during exercise. The oxygen 
consumption in resting and exercise situations may be 
higher in obese individuals due to increased metabolic 
demands associated with supporting a larger body 
mass. In the musculoskeletal system, obesity can be 
associated with decreased muscle strength and endurance, 
potentially influencing performance during the 6MWT. 
Obese individuals may experience increased stress on 
weight-bearing joints, affecting mobility and exercise 
performance. Obese individuals may have higher energy 
expenditure at rest and during physical activity, influencing 
their ability to sustain exercise intensity during the 
6MWT. Differences in basal metabolic rate and substrate 
utilization may affect energy metabolism during the test. 
In the psychosocial factors, obese individuals may perceive 
exercise differently, and their perceived exertion during 
the 6MWT could be influenced by factors, such as body 
image, self-esteem, or psychological well-being. Obesity 
can impact thermoregulation, potentially affecting exercise 
performance, especially in environments with varying 
temperatures.

Thus, moderate-to-vigorous 6MWT may help determine 
an individual’s level of  aerobic fitness, which is linked to 
various health confounding variable consequences. The 
predictive value of  the 6MWT for calculating VO2

 max 
is significantly increased when additional patient variables 
are included. This has significant implications for people 
looking for a straightforward and noninvasive method of  
determining maximal aerobic power.[22,23] Considering these 
factors is crucial when interpreting and comparing 6MWT 

results between obese and normal-weight groups. We 
should account for these potential confounding variables 
and may need to adjust their analyses or control for relevant 
physiological differences to draw meaningful conclusions 
in future studies.

Novelty
This research gives a simple cost-effective approach to assess 
the calculated VO

2
 max and Borg scale for breathlessness 

in obese populations. This can help the obese population 
understand the need for preventive measures to be taken 
even if  they have no symptoms of  any cardiopulmonary 
insufficiency. These data are indicative of  the comparative 
difference in their cardiopulmonary insufficiency in these 
two groups and hence worth predicting the chances of  
lifestyle-related disorders in the obese population.

Limitations
Limitations of  our study include a relatively small sample 
size and potential confounding factors that were not fully 
controlled. Future studies with larger and more diverse 
populations are needed to validate our findings further. 
Additionally, longitudinal studies could help establish 
causality and investigate the effects of  weight loss 
interventions on the 6MWT outcomes in obese individuals.

CONCLUSION

In conclusion, this study highlights the significant 
impact of  obesity on exercise capacity and physical 
functioning as assessed by the 6MWT. Obese subjects 
demonstrated reduced distance covered during the test, 
altered heart rate responses, and changes in respiratory 
rate, indicating potential impairments in cardiopulmonary 
and musculoskeletal function. These findings emphasize 
the importance of  addressing obesity-related limitations 
in exercise capacity through personalized interventions 
to enhance overall health and quality of  life. 6MWT is a 
valuable and accessible tool to assess exercise tolerance 
and follow-up cardiovascular fitness among chronic 
respiratory disease patients. However, this study suggests 
that obesity is associated with reduced 6MWT performance 
among healthy subjects, and present reference equations, 
used for interpretation of  6MWT, may not be sufficient 

Table 5 : Gender wise comparison of actual 6MWD between two groups

Actual distance Group A Group B Unpaired t test 
Mean SD Mean SD 

Female 489.76 37.62 380.14 50.83 t = 7.94, P < 0.0001***, DF = 40
Male 585.42 33.85 420.52 68.56 t = 9.4, P < 0.0001***, DF = 36
DF = degree of freedom, NS: not significant (P > 0.05).
***Extremely significant = P ≤ 0.0001



Annals of Medical Science & Research | Volume 3 | Issue 2 | May-August 2024	 117

Ghosh, et al.: 6MWT among obese and nonobese subjects

to interpret cardiovascular fitness among obese patients. 
Further research is needed to standardize the base reference 
equation of  6MWT for the obese Indian population, which 
may be applied to the interpretation of  6MWT in clinical 
and experimental situations.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Rosa RG, Dietrich C, Valle ELTD, Souza D, Tagliari L, Mattioni M, et 
al. The 6-Minute Walk Test predicts long-term physical improvement 
among intensive care unit survivors: A prospective cohort study. Rev 
Bras Ter Intensiva 2021;33:374-83.

2.	 Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. 
Gait speed and survival in older adults. JAMA 2011;305:50-8.

3.	 Palaniappan R, Chandrashekaran B. Reference equation for Six Minute 
Walk Test in healthy Indian participants (25-80 years). Lung India 
2013;31:35-8.

4.	 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et 
al. Global, regional, and national prevalence of  overweight and obesity 
in children and adults during 1980-2013: A systematic analysis for the 
Global Burden of  Disease Study 2013. Lancet (London, England) 
2014;384:766-81.

5.	 Ribeiro F, Alves AJ, Teixeira M, Miranda FL, Azevedo LB, Duarte JA. 
Exercise training increases arterial compliance in metabolic syndrome. 
Int J Sports Med 2011;32:185-92.

6.	 World Health Organization. Physical Status: The Use and Interpretation 
of  Anthropometry. Report of  a WHO Expert. Committee. Geneva: 
World Health Organization (Technical Report Series, No. 854); 1995. 
p. 329.

7.	 ATS Statement. Guidelines for the Six-Minute Walk Test. Am J Respir 
Crit Care Med 2002;166:111-17.

8.	 Borg G. Borg’s Perceived Exertion and Pain Scales. Champaign, IL: 
Human Kinetics; 1998.

9.	 Ramanathan RP, Baskaran C. Reference equations for 6-Min Walk Test 
in healthy Indian subjects (25-80 years). Lung India 2014;31:35.

10.	 Jalili M, Nazem F, Sazvar A, Ranjbar K. Prediction of  maximal oxygen 
uptake by Six-Minute Walk Test and body mass index in healthy boys. 
J Pediatr 2018;200:155-9.

11.	 Shanmugasundaram K, Bade G, Sampath M, Talwar A. Effect of  obesity 
on airway mechanics. Indian J Endocrinol Metab 2023;27:161-6. 

12.	 Carli MEC, Moraes Junior FB, Menezes-Junior FJ, Tadiotto MC, Mota 
J, Leite N. Prediction equations for maximal heart rate in obese and 
nonobese children and adolescents: A systematic review and meta-
analysis. Rev Paul Pediatr 2023;41:e2021397.

13.	 Dixon AE, Peters U. The effect of  obesity on lung function. Expert 
Rev Respir Med 2018;12:755-67.

14.	 Shete AN, Bute SS, Deshmukh PR. A study of  VO2 max and body fat 
percentage in female athletes. J Clin Diagn Res 2014;8:BC01-3.

15.	 Vaish H, Ahmed F, Singla R, Shukla DK. Reference equation for the 
6-Minute Walk Test in healthy North Indian adult males. Int J Tuberc 
Lung Dis 2013;17:698-703.

16.	 Agarwal B, Shah M, Sawant B, Bagwe H, Murkudkar P, Mullerpatan 
R. Predictive equation for Six-Minute Walk Test in Indian children, 
adolescents, and adults. Lung India 2023;40:143-8.

17.	 Available from: https://www.collinsdictionary.com/dictionary/
english/apparently.

18.	 Hegewald MJ. Impact of  obesity on pulmonary function: Current 
understanding and knowledge gaps. Curr Opin Pulm Med 
2021;27:132-40.

19.	 Balmain BN, Halverson QM, Tomlinson AR, Edwards T, Ganio MS, 
Babb TG. Obesity blunts the ventilatory response to exercise in men 
and women. Ann Am Thorac Soc 2021;18:1167-74.

20.	 Ridvan A, Sevgi O. Comparison of  pulmonary functions, physical 
activity level and quality of  life in obese and pre-obese individuals. 
Eurasian Journal of  Pulmonology 2017;19:160-65.

21.	 King GG, Thamrin C. Obesity and the lungs: Not just a crush. 
Respirology 2019;24:502-3.

22.	 Jamie FB, Shannon SDB, Marc DF, Darren ERW. The 6-Minute Walk 
Test as a predictor of  objectively measured aerobic fitness in healthy 
working-aged adults. Phys Sportsmed 2011;39:133-9.

23.	 Parameswaran K, Todd DC, Soth M. Altered respiratory physiology 
in obesity. Can Respir J 2006;13:203-10.



118	

Original Article

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Mukhtar IG, Isa RI, Umar SM. Cognitive impairment 
is associated with female sex, low level of education, lack of spousal 
relationship, and serum testosterone in type 2 diabetes. Ann Med Sci Res 
2024;3:118-24.

© 2024 Annals of Medical Science & Research | Published by Wolters Kluwer - Medknow

Cognitive impairment is associated with female sex, low 
level of education, lack of spousal relationship, and serum 
testosterone in type 2 diabetes
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Abstract 	 Background: Relationship between cognitive impairment, serum testosterone, and body mass index in type 2 
diabetes (T2D) is not fully understood.
Objectives: To compare cognition between T2D patients and healthy controls. To determine relationship 
of mild cognitive impairment (MCI) with serum total testosterone and sociodemographic factors.
Materials and Methods: The study was a cross-sectional case-control study. About 17 male and female T2D 
patients and healthy controls were randomly selected. Montreal cognitive assessment-basic (MoCA-B) was 
used to assess cognition; anthropometric indices were measured using standard protocols, while total 
testosterone was assayed from serum using competitive ELISA kits.
Results: The mean age of the T2D patients and healthy controls was 51.62 and 66.76 years, respectively. 
About 82.35% of the T2D patients had MCI compared to 58.82% of the healthy controls. MCI was associated 
with female sex (P = 0.033), lack of spousal relationship (P = 0.016), low level of education (P = 0.014), 
and normal or high level of total testosterone (P = 0.010).
Conclusion: Proportion of MCI in T2D patients is high and is associated with female sex, lack of spousal 
relationship, low level of education, and normal or high testosterone level.
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INTRODUCTION

Global prevalence of  T2D has more than tripled in the 
last three decades, and by 2030 and 2045, about 11% and 
12% of  world population will be living with diabetes, 
respectively.[1] In sub-Saharan Africa (SSA), about 24 
million persons were said to have diabetes in 2021, and 
the figure has been projected to rise by over 120% by the 
year 2045, the largest increase in any region of  the world.[1] 

Similarly, efforts at combating the scourge of  infectious 
diseases and improvement in science and technology have 
led to increase in life expectancy across all regions of  the 
world, especially low- and middle-income countries.[2] 
Thus, SSA will in the near future be faced with problems 
of  rising prevalence of  T2D and age-associated health 
issues. Both aging and T2D have been linked with mild 
cognitive impairment (MCI), a decline in cognition 
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between the normal aging process and dementia.[3–5] This 
gradual decline in cognitive function has been identified 
as a risk factor for dementia.[6] Incidentally, T2D and MCI 
have separately been linked to low levels of  testosterone 
and other sociodemographic factors.[7–9] Low level of  
testosterone is believed to increase insulin resistance and 
hence T2D.[10] Similarly, testosterone receptors have been 
demonstrated in areas of  the brain involved in cognitive 
function, suggesting that testosterone could improve 
cognition; however, testosterone supplementation 
trials have produced mixed results.[11,12] Additionally, 
relationship between body mass index (BMI), an index 
of  obesity, and MCI is inconsistent and classified into 
no relationship,[13] positive relationship,[14,15] negative 
relationship,[16,17] a reverse J-shaped relationship,[18] and a 
U-shaped relationship.[19]

AIMS AND OBJECTIVES

To compare cognition between T2D patients and healthy 
controls. To determine the relationship of  MCI with serum 
total testosterone and other sociodemographic factors.

MATERIAL AND METHODS

The participants
The study was a cross-sectional case-control study. The 
participants were T2D patients attending the Diabetic Clinic 
of  Murtala Muhammad Specialist Hospital (City Hospital), 
Kano, Nigeria, while the controls were community-dwelling 
healthy individuals. Both the diabetics and the controls 
came from the same community and are a reflection of  
a typical northern Nigerian community. A systematic 
random sampling was used to recruit the participants. 
Each participant was initially medically examined, those 
with a history of  hypertension, other endocrine disorders, 
depression, sexual dysfunction, and visual or hearing 
impairment were not included in the study. Each participant 
gave written informed consent.

Ethical approval
Ethical approval was obtained from Kano State Ministry 
of  Health through the Health Research Ethics Committee 
(SHREC/2022/3740, dated 24 Jan 2023).

Sample size determination
G*Power computer software version 3.1.9.7 was used 
to determine sample size.[20] Mean (SD) of  serum 
testosterone among T2D patients (16.8 ± 7.07) and healthy 
controls (13.4 ± 7.70) from a previous study,[21] α level of  
significance of  0.05, an effect size of  0.46, and a statistical 
power of  0.84 were used, which gave 40.

Assessment of cognition
Montreal cognitive assessment-basic was used to assess 
cognitive function. The tool was developed for assessment 
of  MCI in different settings, especially among participants 
with low level of  education.[22,23] The tool has been widely 
used to assess cognitive function with good validity. A 
number of  previous studies have used this tool to assess 
cognitive function among Nigerian participants.[5,24,25] A 
MoCA-B score of  less than 26 was used a as cutoff score 
for MCI.

Measurement of some anthropometric indices
Weight and height were measured according to standard 
protocols using a digital weighing scale (Omron HN286, 
Kyoto, Japan) and a stadiometer, to the nearest 100 g, with 
the participants wearing light clothing, barefooted, without 
caps, and standing in anatomical position.[26] The weight 
and the height were then used to calculate BMI as weight 
(in kg) divided by height (in meters square).

Measurement of fasting blood glucose and blood 
pressure
Measurement of  blood pressure was taken on left arms 
of  the participants in sitting position, with a mercury 
sphygmomanometer (AccosonTM Ltd., Ayrshire, UK) 
and a Littmann stethoscope (3M Littmann®, Minnesota, 
USA). The first Korotkoff sound was used as systolic blood 
pressure, while its disappearance was taken as diastolic. 
An on-site Accu-Chek® (Roche Diabetes Care, Inc., 
Indianapolis, USA) glucometer was used to measure fasting 
blood glucose (FBG) after an overnight fast.

Measurement of serum total testosterone
About 5 mL of  blood sample was withdrawn from each 
participant between 8 and 9 am following an overnight 
fast. The sample was centrifuged at 1000 g for 10 min to 
extract the serum, which was stored at −20°C. The serum 
total testosterone was determined using competitive ELISA 
kits from CALBIOTECH (El Cajon, California, USA). The 
test is based on competitive binding of  total testosterone 
in samples with their enzyme conjugates for a constant 
amount of  specific monoclonal antibody epitopes (Biotin 
reagent). The total testosterone ELISA kit has a detection 
rate of  0.25–100 pg/mL, sensitivity of  1.16 pg/mL, and 
intra- and interassay coefficient of  variation of  3.72% and 
6.90%, respectively. A low serum total testosterone was 
defined according to a previous guideline.[27]

Statistical analysis
The data were analyzed using an SPSS version 23.0. The 
quantitative variables were presented as mean (SD), while 
categorical variables as frequencies (%). Independent 
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sample t test was used to determine a difference in 
quantitative variables between T2D patients and controls; a 
Chi-square test of  association was used to assess association 
between categorical variables; a Pearson’s correlation to 
assess linear relationship between quantitative variables, 
and a binary logistic regression to determine the predictors 
of  MCI. P value is taken as ≤0.05.

RESULTS

Characteristics of the participants stratified by cognitive 
function and T2D statuses
An equal number[17] of  male and female T2D patients and 
controls were recruited for this study. Their characteristics, 
stratified by cognitive function and T2D statuses, are 
presented in [Tables 1 and 2] and summarized here. The 
T2D patients were statistically and significantly younger 
(mean age = 51.62 ± 10.92 vs. 66.76 ± 7.37 years; 

P ≤ 0.001), heavier (weight = 66.89 vs. 57.71 kg; 
P = 0.003), overweight (BMI = 26.77 vs. 22.39 kg/m2; 
P ≤ 0.001), and had poorer cognitive function score 
(MoCA-B score = 18.24 vs. 20.21; P = 0.021). Similarly, 
T2D was associated with higher level of  formal education 
(P = 0.004), low annual income (P = 0.029), overweight 
and obesity (P = 0.004), and MCI (P = 0.033). Female 
T2D patients had statistically significant lower serum 
total testosterone compared to female controls (0.46 vs. 
0.84 nmol/L; P = 0.038); however, there was no difference 
among male participants even though mean serum total 
testosterone in both groups was low. The levels of  serum 
total testosterone were also not associated with T2D 
(X2 = 0.24; P = 0.625).

The participants were categorized into cognitively normal 
versus MCI groups, based on MoCA score. When 
the participants were considered as a whole, the MCI 

Table 1: Characteristics of the participants by T2D status

Variable Controls (n = 34) Type 2 diabetics (n = 34)   
N/Mean %/SD N/Mean %/SD X2/t P

Age (years) 66.76 7.37 51.62 10.95 6.69 <0.001
Marital status
 � Married 23 (67.65) 24 (70.59) 0.07 0.793
 � Unmarried 11 (32.35) 10 (29.41)
Level of education
 � Formal 10 (29.41) 22 (64.71) 8.50 0.004
 � Informal 24 (70.59) 12 (35.29)
Estimated annual income
 � <$200 13 (38.24) 22 (64.71) 4.77 0.029
  �≥$200 21 (61.76) 12 (35.29)
Blood pressure categories
 � Normal 20 (58.82) 21 (61.76) 0.06 0.804
 � Elevated 14 (41.18) 13 (38.24)
BMI categories
 � Underweight 5 (14.71) 1 (2.94) 10.95 0.004
 � Normal 21 (61.76) 12 (35.29)
 � Overweight/obesity 8 (23.53) 21 (61.76)
MoCA-B
 � Normal 14 (41.18) 6 (17.65) 4.53 0.033
 � MCI 20 (58.82) 28 (82.35)
Testosterone categories
 � Normal 16 (47.06) 14 (41.18) 0.24 0.625
 � Low 18 (52.94) 20 (58.82)
Education (years) 2.88 5.01 5.32 5.48 −1.92 0.060
Systolic blood pressure (mm Hg) 127.94 26.72 130.29 18.83 −0.42 0.676
Diastolic blood pressure (mm Hg) 73.53 16.86 79.12 11.11 −1.61 0.111
Mean arterial pressure (mm Hg) 91.49 18.62 96.18 12.82 −1.21 0.231
Pulse pressure (mm Hg) 54.41 18.94 51.18 12.74 0.83 0.411
Fasting blood glucose (mmol/L) 5.56 0.78 8.79 3.57 −5.12 <0.001
Weight (kg) 57.71 13.28 66.89 11.33 −3.07 0.003
Height (m) 1.60 0.12 1.59 0.10 0.58 0.566
Body mass index (kg/m2) 22.39 3.90 26.77 4.82 −4.12 <0.001
MoCA-B score 20.21 3.57 18.24 3.32 2.36 0.021
Testosterone (nmol/L)*

 � Males 7.38 3.85 8.29 4.20 0.65 0.524
 � Females 0.84 0.49 0.46 0.52 2.16 0.038

Categorical variables are presented as frequencies (N) and percentages (%) with associated Chi square values, while quantitative variables are 
presented as mean (M) and standard deviation (SD) with associated independent samples t test statistic.
MoCA-B: Montreal cognitive assessment-basic, T2D: type 2 diabetes, MCI: mild cognitive impairment.
*Because of sex-related differences in serum total testosterone, its mean value is presented separately for males and females
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group had lesser number of  years of  formal education 
(P = 0.002), were mostly females (P = 0.033), without 
spousal relationship (P = 0.016), had no formal education 
(P = 0.014), and had lower annual income (P = 0.005); 
other quantitative variables did not differ between the 
cognitively normal and MCI groups. Similarly, over 50% 
of  those with MCI had normal or above normal serum 
total testosterone. Among the T2D patients, MCI was not 
associated with any characteristic of  the T2D patients, 
neither did any quantitative variable differ between the 
cognitively normal and MCI groups.

Correlation between some parameters of the participants
We assessed the correlation of  MoCA-B and serum total 
testosterone with other quantitative parameters of  the 
participants and presented the results in [Table 3]. Among 
the whole participants, MoCA-B score was positively 
correlated with education (P = 0.006) and serum total 
testosterone (P = 0.044) but negatively correlated with 
FBG (P = 0.017); serum total testosterone was positively 

correlated with education (P ≤ 0.001), height (P = 0.009), 
weight (P ≤ 0.001), and BMI (P = 0.019) but negatively 
correlated with DBP (P = 0.047). Among T2D patients, 
MoCA-B did not correlate with any parameter; the 
serum testosterone was however positively correlated 
with education (P = 0.001), weight (P = 0.018), and 
BMI (P = 0.047) but negatively correlated with FBG 
(P = 0.044). Among the controls, MoCA-B was positively 
correlated with number of  years of  formal education 
(P ≤ 0.001), weight (P = 0.050), and height (P = 0.050), 
and negatively correlated with age (P ≤ 0.001), while 
serum total testosterone was positively correlated with 
the number of  years of  formal education (P = 0.005), 
height (P = 0.001), weight (P = 0.001), and MoCA-B score 
(P = 0.041) but negatively correlated with age (P = 0.012), 
DBP (P = 0.014), and MAP (P = 0.035).

Predictors of MCI among the participants
We used binary logistic regression to determine the 
possible predictors of  MCI among the whole participants 

Table 2: Characteristics of the participants stratified by cognitive function

Variable Normal (n = 20) Mild cognitive impairment (n = 48)   
N/Mean %/SD N/Mean %/SD X2/t P

Age (years) 58.70 8.22 59.40 13.34 −0.22 0.829
Sex
 � Males 14 (70) 20 (41.67) 4.53 0.033
 � Females 6 (30) 28 (58.33)
Marital status
 � Married 18 (90) 29 (60.42) 5.79 0.016
 � Unmarried 2 (10) 19 39.58)
Level of education
 � Formal 14 (70) 18 (37.5) 5.99 0.014
 � Informal 6 (30) 30 (62.5)
Estimated annual income
 � <$200 5 (25) 30 (62.5) 7.95 0.005
  �≥$200 15 (75) 18 (37.5)
Blood pressure categories
 � Normal 13 (65) 28 (58.33) 0.262 0.609
 � Elevated 7 (35) 20 (41.67)
BMI categories
 � Underweight 3 (15) 3 (6.25) 1.63 0.443
 � Normal 10 (50) 23 (47.92)
 � Overweight/obesity 7 (35) 22 (45.83)
Testosterone categories
 � Normal 4 (20) 26 (54.17) 6.69 0.010
 � Low 16 (80) 22 (45.83)
Education (years) 7.10 5.83 2.85 4.66 3.17 0.002
Systolic blood pressure (mm Hg) 126.50 27.58 130.21 20.99 −0.60 0.548
Diastolic blood pressure (mm Hg) 72.50 18.32 77.92 12.37 −1.42 0.160
Mean arterial pressure (mm Hg) 90.37 20.49 95.27 13.78 −1.15 0.254
Pulse pressure (mm Hg) 54.00 16.03 52.29 16.27 0.40 0.693
Fasting blood glucose (mmol/L) 6.16 2.16 7.32 3.12 −1.45 0.151
Weight (kg) 62.26 11.02 62.31 13.98 −0.02 0.987
Height (m) 1.62 0.08 1.58 0.12 1.20 0.233
Body mass index (kg/m2) 23.93 4.72 24.85 4.97 −0.70 0.483
Testosterone (nmol/L)*

 � Males 7.55 4.16 8.05 3.97 −0.35 0.726
 � Females 0.31 0.23 0.73 0.55 −1.80 0.081

Categorical variables are presented as frequencies (N) and percentages (%) with associated Chi-square values, while quantitative variables are 
presented as mean (M) and standard deviation (SD) with associated independent samples t test statistic.
*Because of sex-related difference in serum total testosterone, its mean value is presented separately for males and females
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and among the T2D patients. The results are presented in 
[Tables 4 and 5]. After controlling for possible confounders, 
a lack of  spousal relationship (OR = 7.034 [1.847, 58.380]; 
P = 0.041), a lack of  formal education (OR = 5.376 
[1.150, 25.134]; P = 0.033), and a low total testosterone 
(OR = 0.164 [0.683, 0.013]; P = 0.013) were the statistically 
significant predictors of  MCI among the whole group. 
Specifically, a lack of  spousal relationship and formal 
education were associated with 7 and 5 times odds of  
having MCI, respectively; a low serum total testosterone 
is associated with 84% chance of  having MCI. Among 
T2D patients, female sex (P = 0.044) and low number of  
years of  formal education (P = 0.035) were the significant 
predictors of  MCI.

DISCUSSION

This study assessed MCI in T2D and its possible 
association with serum total testosterone, BMI, and other 
sociodemographic factors. Despite being younger than 
the controls, the T2D patients had statistically significant 
higher proportion of  those with MCI (82%) compared to 
the controls. Similarly, the T2D patients had statistically 
significant lower MoCA-B score compared to the controls. 
A number of  studies have linked T2D with MCI. A cognitive 
impairment among T2D patients in this environment 

has been reported.[5,24] In a meta-analysis involving 34 
neurocognitive and 60 neuroimaging studies, including 
complementary data from UK Biobank, Antal et al.[3] 
found T2D to be associated with marked cognitive deficits 
particularly in executive function and processing speed 
compared to sex, age, education, and hypertension-matched 
controls. They also reported structural changes in the brain 
such as gray matter atrophy affecting ventral striatum, 
cerebrum, and putamen. In another study involving 800 
participants, a prevalence of  MCI of  63.8% was reported 
against 10.8% among controls.[4] The finding of  high 
proportion of  MCI among T2D patients in this study calls 
for concern. Sub-Saharan Africa has been projected to have 
increasing number of  people living with T2D in the near 
future; the life expectancy is also said to be on the increase 
in the continent and will continue to be so; the combined 
effects of  rising prevalence of  T2D and increasing number 
of  elderly persons could potentially worsen the outlook of  
cognitive impairment, and indeed dementia, in the continent 
in the near future. Screening programs that can detect those 
with MCI and those at risk should therefore form a part 
of  routine care of  T2D patients in the continent. Areas of  
possible intervention from the findings of  this study are 
economic empowerment especially for women, increasing 
access to formal education, and spousal relationship because 
the T2D patients with MCI had statistically significant higher 

Table 3: Correlation of MoCA-B and serum total testosterone with some characteristics of the participants

Variable Whole participants Subgroup analysis
Controls Type 2 diabetics

MoCA-B T MoCA-B T MoCA-B T
r P r P r P r P r P r P 

Age 0.03 0.779 −0.03 0.839 −0.60 <0.001 −0.43 0.012 0.09 0.603 0.24 0.181
Education 0.33 0.006 0.49 <0.001 0.59 <0.001 0.47 0.005 0.26 0.142 0.53 0.001
SBP −0.06 0.619 −0.08 0.497 −0.14 0.414 −0.23 0.189 0.10 0.590 0.09 0.622
DBP −0.05 0.681 −0.24 0.047 −0.05 0.767 −0.42 0.014 0.10 0.589 −0.06 0.748
MAP −0.06 0.621 −0.19 0.130 −0.10 0.571 −0.36 0.035 0.10 0.565 0.01 0.956
PP −0.04 0.733 0.10 0.428 −0.16 0.374 0.05 0.792 0.06 0.746 0.18 0.310
FBG −0.31 0.017 −0.20 0.117 0.01 0.956 0.01 0.974 −0.31 0.126 −0.40 0.044
Weight 0.14 0.248 0.46 <0.001 0.34 0.050 0.56 0.001 0.18 0.306 0.40 0.018
Height 0.15 0.237 0.32 0.009 0.33 0.050 0.60 0.001 −0.11 0.518 0.05 0.789
BMI 0.06 0.624 0.28 0.019 0.22 0.212 0.25 0.157 0.22 0.211 0.34 0.047
MoCA-B 0.24 0.044 0.35 0.041 0.18 0.300
T 0.24 0.044 0.35 0.041 0.18 0.300

MoCA-B: Montreal cognitive assessment-basic, T: serum total testosterone, SBP: systolic blood pressure, PP: pulse pressure, DBP: diastolic blood 
pressure, MAP: mean arterial blood pressure, FBG: fasting blood glucose, BMI: body mass index

Table 4: Predictors of MCI among the participants

Variable    95% CI for β  
B S.E. β Lower Upper P

Age −0.061 0.035 0.940 0.877 1.008 0.083
Sex −0.353 0.808 0.703 0.144 3.422 0.662
Marital status 1.951 1.080 7.034 1.847 58.380 0.041
Level of education 1.682 0.787 5.376 1.150 25.134 0.033
Level of testosterone −1.805 0.727 0.164 0.040 0.683 0.013
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proportion of  those with low annual income, low level of  
formal education, and lack of  spousal relationship.

Despite reported association between T2D and blood 
pressure in the literature, no association between T2D 
and blood pressure categories was found. Equally, none 
of  the blood pressure parameters differed between the 
T2D patients and controls. This finding of  normal blood 
pressure among T2D patients is similar to what we have 
reported in another cohort of  T2D patients from the 
same environment.[24] This could be due to the fact we 
excluded those with hypertension from the study; it could 
also be due to the fair glycemic control among the T2D 
patients (mean FBG = 8.79 mmol/L). The serum total 
testosterone did not differ among male T2D patients and 
male controls but female T2D patients had significantly 
lower serum total testosterone compared to female 
controls. Similarly, more than 50% of  both T2D patients 
and controls had low levels of  serum total testosterone, 
though low levels of  serum testosterone were not 
statistically significantly associated with T2D. This finding 
of  no significant relationship between T2D and low level 
of  total testosterone contradicts that of  a number of  
studies. A low level of  testosterone has been found to 
be independently associated with insulin resistance and 
hence T2D.[10] In a systematic review and meta-analysis 
of  56 studies, Zhang et al. found decreases in both total 
and free testosterone in adult male T2D patients;[7] and 
a 2-year testosterone supplementation trial reduced the 
proportion of  participants with T2D in a study that 
compared the efficacy of  testosterone and traditional 
lifestyle modification in the treatment of  T2D. Even 
though there was no statistically significant difference 
in serum total testosterone between T2D patients and 
controls in this study, a high proportion of  those with 
low serum total testosterone in both groups suggested a 
possible relationship between low testosterone and T2D 
among the participants. The high proportion of  those 
with low serum testosterone among the controls could be 
due to their older age, while that among the T2D patients 
due to the effect of  T2D. Indeed, serum total testosterone 
was negatively correlated with age among the controls but 
not among the T2D patients, implying that the controls 

had age-related low serum testosterone, while the T2D 
patients had T2D-related low serum testosterone.

In order to assess possible inf luence of  some 
characteristics of  the participants on cognitive function, 
the participants were divided into cognitively normal and 
MCI groups. Then, the differences in some qualitative 
variables among the two groups and their possible 
association with MCI were assessed. MCI was statistically 
significantly associated with being female, low level 
of  formal education, lack of  spousal relationship, low 
level of  annual income, and normal or higher level of  
serum total testosterone. Indeed, sex, marital status, 
and level of  education were the significant predictors 
of  MCI among the participants. A low level of  formal 
education together with a lack of  spousal relationship 
has been reported to be associated with cognitive 
impairment and dementia among elderly T2D patients 
in northern Nigeria,[28] the same environment with the 
participants of  this study. In a study of  cognitively 
healthy community-dwelling older persons, Chen et 
al.[29] reported highly educated older persons to have 
better performance in multidomain cognitive function. 
People with high level of  formal education are more 
likely to involve themselves in leisure activities that 
could stimulate areas of  the brain involved in cognitive 
function. Similarly, spousal relationship provides better 
social interaction and emotional stability and hence 
better cognitive function. Females in this environment 
historically have low access to formal education, are less 
economically empowered, and are more likely to lose 
spousal relationship due to the death of  a spouse. These 
factors could likely explain the higher proportion of  
those with MCI among female participants in this study. 
Mean BMI did not differ between the cognitively normal 
and MCI groups nor were BMI categories associated 
with MCI. Indeed, MoCA-B score did not correlate 
with BMI at any level. This implies that there is no 
relationship between cognitive function and BMI among 
both T2D patients and controls. A relationship between 
cognition and BMI in the literature is mixed, ranging 
from no relationship, positive relationship, negative 
relationship, and U- or J-shaped relationship.[13–18] This 

Table 5: Predictors of MCI among T2D patients

Variable    95% CI for β  
B S.E. β Lower Upper p

Age 0.018 0.044 1.019 0.934 1.111 0.679
Sex −4.046 2.008 0.017 0.000 0.896 0.044
Annual income −1.700 2.148 0.183 0.003 12.315 0.429
Education −0.422 0.201 0.656 0.442 0.971 0.035
Level of testosterone −0.331 0.966 0.718 0.108 4.771 0.732
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finding of  no relationship between cognition and BMI 
therefore fits the growing literature on this field.

Limitations of the study
A relatively small sample size was used and did not match 
the participants for age and level of  education. This 
could have effect on some of  the findings. Despite these 
limitations, this study has provided data on cognitive 
impairment in T2D patients and its relationship with serum 
testosterone and obesity that others can build on.

CONCLUSIONS

Proportion of  those with MCI in T2D is high and is 
associated with female sex, low level of  formal education, 
lack of  spousal relationship, and normal or higher levels of  
serum testosterone. MCI is not associated with overweight 
or obesity.
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Case Report

Pelvic space-occupying lesion with lower urinary tract 
symptoms diagnosed as inflammatory myofibroblastic tumor 
of the prostate with a review of the literature
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Abstract Inflammatory myofibroblastic tumor (IMT), a rare type of soft-tissue tumor in the body in the context of the 
urinary system, is comparatively more common in the kidney and urinary bladder. Prostatic IMT is extremely rare. 
We report a rare case of a 77-year-old man who presented with lower urinary tract symptoms later diagnosed 
as IMT of the prostate. A brief review of the literature is discussed.
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INTRODUCTION

According to the World health organization classification, 
an inflammatory myofibroblastic tumor (IMT) is defined 
as a neoplasm with the morphologic character of  
proliferating spindle cells admixed with variable amounts 
of  a lymphoplasmacytic infiltrate.[1] In the past, they have 
also been referred to under different titles, including 
“reactive pseudosarcomatous response,” “inflammatory 
pseudo tumor,” “pseudosarcomatous fibromyxoid 
tumor,” “pseudosarcomatous lesion,” and “inflammatory 
myofibroblastic tumor.”[2-4] With the advancement of  
immunohistochemistry, it was found that an alteration of  
the anaplastic lymphoma kinase (ALK) gene was evident 
in such bladder lesions. These lesions are now considered 
the result of  neoplastic transformations rather than reactive 

processes, and the name IMT has been preferred.[4,5] 
Prostate IMT is rare, and only nine cases have been 
recorded in the English literature since it was first reported 
in 1984 as an atypical fibromyxoid tumor. The purpose 
of  this study was to examine the clinical and pathological 
characteristics of  prostate IMT and particularly to identify 
previous histories of  injury and the prognostic differences 
of  prostate IMT in relation to ALK expression by reviewing 
case reports and the relevant literature.

CASE REPORT

A 77-year-old gentleman was admitted with complaints 
of  difficulty in micturition for the last 4 months and was 
previously admitted to the hospital with acute urinary 
retention. A  periurethral catheter was placed, and large 
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seminal vesicle cyst drainage was done transrectally 
through a pigtail catheter. The patient now had right 
scrotal swelling and perurethral purulent discharge. The 
patient was a k/c/o type 2 diabetes mellitus on medication. 
Physical examination revealed no positive findings, with 
no boggy swelling and non-tender, non-nodular grade 3 
prostatomegaly on digital rectal examination. The patient 
was evaluated for the above complaints and found to 
have a large rectovesical space-occupying lesion (SOL) 
(possibility of  prostatic abscess). Blood investigations 
showed mildly raised prostate-specific antigen (6.18 ng/
mL) and erythrocyte sedimentation rate with a normal 
white blood count. A urine examination revealed plenty 
of  pus cells with a culture positive for Enterococcus faecalis. 
The ultrasonography report was suggestive of  an enlarged 
prostate gland of  300 g with a postvoid residual volume of  
53 mL and a multifocal abscess in the prostate (5 × 6 cm). 
In uroflowmetry, the patient recorded a voided volume of  
162 mL with a Q

max
 of  3.9 mL/s. Impression of  contrast-

enhanced computed tomography report was prostate, and 
seminal vesicle is compressed with anterior displacement of  
the seminal vesicle, thick-walled SOL with the air-fluid level 
of  size 10 × 10 × 11 cm in the rectovesical space with loss 
of  normal outline of  prostate and small compressed part 

of  prostate seen inferior to the SOL [Figure 1]. Magnetic 
resonance imaging (MRI) pelvis reported a large SOL 
with heterogeneous signal in rectovesical space of  size 
10.4 × 10.9 × 11 cm with the prostate and seminal vesicle 
compressed and anteriorly displaced. The prostate was seen 
as inferior to the SOL. Transrectal ultrasound scan-guided 
aspiration of  the SOL was done and sent for culture and 
cytology, which revealed degenerated cells with polymorphs 
and no atypical cells suggestive of  acute inflammation 
with no organism in culture. Exploratory laparotomy 
with excision of  the extraperitoneal retrovesical mass was 
done. The intraoperative and postoperative courses were 
uneventful. Intraoperatively, on cystopanendoscopy, a false 
tract of  4 cm with a blind end was seen just right to the 
ejaculatory duct opening, and on exploratory laparotomy, 
a 15 × 12 cm extra peritoneal retrovesical cystic mass with 
a solid component and capsular wall adherent posteriorly 
with the rectum and anteriorly with the urinary bladder 
was noted, which had purulent material in it [Figure 2A]. 
Dissection was done by making a plane between the cyst 
and capsule, and the cyst was removed except for the 
part attached to the rectum. On gross histopathological 
examination, a circumscribed mass with myofibroblastic 
spindle cell proliferation was seen. The background 

Figure 1: MRI pelvis and CECT pelvis—large SOL with heterogenous signal in rectovesical space of size 10.4 × 10.9 × 11 cm

Figure 2: Intraoperative (A), H&E image (B), immunohistochemistry (C) image
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showed mixed inflammatory cell infiltration with loose 
and oedematous stroma. Multiple cross-sections of  the 
urethra with a prominent muscular wall along with prostatic 
parenchyma were identified. Mitotic figures were scanty 
[Figure 2B]. Occasional areas of  hyalinization are seen in the 
stroma. On immunohistochemistry, Vimentin was strongly 
positive, while Desmin was focally positive. ALK [Figure 
2C], S100, Myoglobin, and CD117 immunohistochemistry 
(IHC) were completely negative. The Ki67 labeling 
index was 10% (low proliferation). Considering typical 
clinicopathological findings, the tumor was further tested 
for ALK gene rearrangement (2p23) by FISH with a break-
apart probe. The ALK test was negative.

DISCUSSION

IMT is a rare disease primarily originating in soft tissues. 
A dozen cases of  IMT prostate have been discussed, but the 
etiology still remains unclear. Causative factors may include 
viral (HHV-8, EBV) or bacterial infection and the body’s 
response to trauma and surgical tissue injury. Recently, 
ALK-positive findings with a common 2p23 rearrangement 
were observed in 40%–60% of  IMTs, reflecting it to be a 
true neoplasm. On review of  the cases of  prostatic IMT 
reported in the English literature, it was found to occur 
in various age groups (21–83 years old) but commonly in 
the elderly (mean age = 60.8 years). The chief  complaint 
of  patients was urinary obstruction symptoms, which 
were occasionally accompanied by hematuria or fever. 
In some patients, there was difficulty accurately assessing 
the size of  the tumor because, although the tumor was 
diagnosed through transurethral resection of  the prostate 
and transperineal biopsy, the diameters ranged from 1.2 to 
6.5 cm. ALK gene alterations were detected by fluorescence 
in situ hybridization (FISH) in 13 (72%) of  the 18 tested 
cases, including two with injuries from previous procedures. 
Thirteen (72% of  the 18 tested cases) showed agreement 
between FISH ALK results and ALK protein results by 
immunohistochemistry in the IMT of  the urinary tract. In 
addition, 5 out of  the 10 cases found to be ALK-negative 
by IHC were found to have ALK gene alterations by FISH, 
while all eight ALK-positive cases by IHC (100%) had 
FISH ALK gene alterations. Recurrences were reported to 

have no association with ALK alterations. As in our case, 
the patient was initially treated as a prostatic abscess, but 
finally, on histopathological examination, it was found to 
be an inflammatory myofibroblastic tumor, and on IHC, 
Vimentin was strongly and diffusely positive, Desmin was 
focally positive, S100 was negative, ALK was negative, and 
Myogenin was negative. CD117 was negative.

CONCLUSION

If  a spindle-cell lesion with inflammatory cells is observed 
in the biopsy sample from a patient with a previous history 
of  inflammation or abscess, IHC must be conducted for 
α-smooth muscle actin, CD10, CD34, Desmin, and ALK 
in considering the possibility of  IMT, and a FISH ALK 
test should be considered if  ALK is negative in the IHC 
examination. This case of  IMT may be further tested for 
ROS1 and PDGF-RB alterations. ETV6-NTRK3 fusion 
may also be looked for. Since, in our case, the KI-67 index 
(10%) denotes low proliferation, the neoplasm has to 
be considered benign, and the patient is kept on regular 
follow-up.
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Abdominal hysterectomy due to uterine rupture causing 
bilateral ureterovaginal fistula: A rare case report

Amitayu Jana, Krishnendu Maiti
Department of Urology, IPGME&R and SSKM Hospital, Kolkata, West Bengal, India

Abstract Ureterovaginal fistula (UVF) is defined as abnormal communication between ureter and vagina. Although 
documented after radical hysterectomy, post radiation and retained pessary incidence of bilateral UVF is still 
very rare. We have documented a case report of a multipara woman presented with persistent urinary leakage 
following an emergency hysterectomy for obstructed labor. After evaluation with imaging there was bilateral 
hydroureterophrosis with dense purulent collection mixed with contrast in the vesicular area with lower end 
of ureter draining in the vaginal vault with preserved renal function. During exploration both ureters were 
dilated. Instillation dye in both ureters showed extravasation in vagina. After ligating distal ends modified 
Lich-Gregoir technique done over double J (DJ) stents. DJ removed after 3 months. Bilateral UVF is only 5%–10% 
of all ureteric injury. Aggressive blind clamping, excessive hemorrhage, distorted anatomy, malignancy and 
surgeons experience play a crucial role. Obstetric cause is the prime factor. Preventing measures like proper 
screening of antenatal patients, early detection of high-risk pregnancy, supervised caesarean section should 
be taken to avoid ureteric injuries

Keywords: Bilateral ureterovaginal fistula (UVF), computed topography (CT), double J (DJ), intrauterine fetal 
death (IUFD), per-urethral catheter (PUC)
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INTRODUCTION

Ureterovaginal fistula (UVF) after intraoperative ureteric 
injury is one of  the important iatrogenic complications of  
gynecological surgeries. Documented incidence of  UVF is 
approximately 0.5%–2.5% after gynecological surgeries [1,2]. 
Benign diseases contribute approximately 0.1%–1.5% and 
it is increased up to 5% gynecological malignancy due to 
intraoperative adhesion. Approximately 30%–45% ureteric 
injuries are detected intraoperatively and 55%–70% injuries are 

discovered in postoperative periods. The relative occurrence 
of  UVF is due to hysterectomy, ovarian tumor excision, pelvic 
lymphadenectomy, oophorectomy, adhesiolysis and drainage 
of  lymphocele with some nonsurgical cause like endometriosis, 
Crohn’s disease, post-radiation therapy [3]. Hysterectomy 
remains the leading cause of  ureteric injury causing UVF 
nevertheless surgeon experience plays a crucial role.

In spite of  documentation of  various etiologies of  
ipsilateral UVF, the incidence of  bilateral UVF prevails to 
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be extremely rare. Some literature documented bilateral 
UVF after radical hysterectomy, post radiation and retained 
pessary but incidence of  bilateral iatrogenic UVF following 
an emergency abdominal hysterectomy due to uterine 
rupture has not been documented in published literature.

CASE REPORT

A 23-year-old woman P3 + 0 presented to urology 
department of  a tertiary care hospital with persistent 
urinary leakage for 3  months following an emergency 
hysterectomy for uterine rupture with intrauterine fetal 
death (IUFD). During hysterectomy and adhesiolysis 
intraoperative bladder injury was noted and repaired. An 
abdominal drain and perurethral Foley’s catheter (PUC) of  
16 Fr. was placed. Patient was stable in postoperative period 
with PUC in situ. After 7th POD patient had involuntary 
passage of  urine pervaginum with decreased urine output 
through PUC. After removal of  PUC patient had persistent 
involuntary leakage of  urine from pervaginum with no 
history of  normal voiding. On pervaginal examination 
there was continuous urinary leakage although no definite 
fistulous tract was found. 3 swab test was negative. 
Cystoscopy revealed bladder mucosa to be edematous 
and congested with no obvious fistulous opening. Ureteric 
opening of  both sides was localized but guidewire could 
not be negotiated. Computed topography (CT) scan after 
1 month showed bilateral hydroureterophrosis with dense 
purulent collection mixed with contrast in the vesicular area 
with lower end of  ureter draining in the vaginal vault. On 
follow up computed CT scan it was revealed that a cystic 
lesion measuring 3.9 cm × 3.7 cm in axial plane with thin 
1 mm enhancing walls without internal septation was seen in 
relation to right adnexa with adjacent long tubular structures 
likely to be urinoma draining from both the ureter. The 
vaginal cavity was opacified by the contrast in the delayed 
phase of  the study with direct fistulous communication 
with the bilateral ureters [Figure 1]. The bilateral lower 
ureter also showed short segment strictures with post 
obstructive bilateral hydroureteronephrosis with preserved 
renal function [Figure 2]. On exploration both ureters 
were found to be hugely dilated and tortuous. On table 
injection of  betadine and methylene blue into the dilated 
ureters respectively shows staining of  vagina. Distal part of  
dilated ureter of  both the sides are ligated as low as possible 
and proximally mobilized. Both ureters are reimplanted 
by modified Lich-Gregoir technique with tension free, 
mucosa to mucosa water tight anastomosis over 5/26 Fr. 
Double J (DJ) stent. Patient postoperative recovery was 
uneventful with no passage of  urine pervaginum. Patient 
was discharged with PUC and bilateral DJ stent in situ. 
Catheter was removed after 3 weeks and patient passed 

urine through perurethral route. After 3 months DJ stent 
of  both sides were removed. The follow-up after 3 months 
revealed no signs of  hydronephrosis on ultrasonography. 
Pervaginal examination revealed no leakage of urine.

DISCUSSION

Bilateral UVF is due intraoperative ureteric injury during 
pelvic gynecological surgery with a reported incidence of  

Figure 1: Delayed excretory films suggested contrast filled tract in 
vaginal vault

Figure  2: Reconstructive view of shows dilated and tortuous both 
ureters
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0.5%–1.5% [4]. Bilateral ureteric injury is documented to 
be 5%–10% among all ureteric injuries. The predisposing 
factors are excessive intraoperative hemorrhage leading 
aggressive blind clamping and cautery, malignancy with 
adhesion and distorted anatomy, pelvic inflammatory 
disease. Preoperative assessment on contrast enhanced 
CT scan clearly demarked extravasation of  contrast in 
vaginal vault with communication with both ureters. Both 
preoperative imaging and intraoperative dye test were 
sufficient to confirm bilateral fistulous communication 
between ureter and vagina.

Patient with bilateral UVF usually experience continuous 
dribbling of  urine per vagina within 1–4 weeks of  surgery 
with flank pain, fever due to obstruction and infection 
complicated by deteriorating renal function with sepsis. 
Intraoperatively detected injuries can be managed with 
repair with stents. Delayed diagnosis of  ureteric injuries 
with UVF, deranged renal function and urosepsis may 
lead to significant mortality and morbidity [5]. The 
primary aim in early management of  UVF is to control 
infection and early preservation of  renal function. In 
case of  poor general condition and to avoid morbidity 
of  patient a percutaneous nephrostomy or a DJ stent 
can be placed. Literature reviewed early DJ stenting for 
6–8 weeks is beneficial for fistula closure but, in our case 
both ureteric orifices were failed to be cannulated [6]. 
Complex ureteric strictures with fistula can be managed 
by ureteroureterostomy, ureteroneocystostomy or 
ileal interposition or autografts by open, laparoscopic 
and robotic method. Most of  the ureteric injury 
involves lower end of  ureter near pelvic brim allowing 
ureteroneocystostomy. We have performed open ureteric 
reimplantation by Lich-Gregoir technique. More proximal 
or complex fistula requires bladder reconstruction or 
urinary diversion. Our patient had an uneventful recovery 
and catheter removed after 3 weeks although literature 

suggested early catheter removal within 2 weeks has 
successful outcome.

CONCLUSION

Morbidity due to ureteric fistula is far-reaching as it is 
an iatrogenic cause leading to prolonged hospital stay, 
poor surgical outcome, deteriorating renal function and 
need of  re-exploration. Obstetric cause found to be the 
most inciting factor for gyneurological fistula. Preventive 
measures should be taken by proper screening of  antenatal 
patients, early detection of  high-risk pregnancy, supervised 
caesarean section with careful selection of  patients for 
hysterectomy.
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An unusual cause of osteomalacia in a young lady
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Clinical Immunology and Rheumatology, Institute of Post Graduate Medical Education and Research, Kolkata, West Bengal, India

Abstract 	 Oncogenic osteomalacia is a rare entity, caused by excessive secretion of fibroblast growth factor-23 (FGF-23) from 
the peripherally located benign tumours of mesenchymal origin. Patients usually present with chronic widespread 
pain and fatigue. Diagnostic approach involves demonstration of excessive urinary loss of phosphate and the high 
plasma level of FGF-23. Whole of PET-CT scan or whole body MRI scan are used to detect the tumour. PET/CT 
Ga-68 dotatate scan is required often when the other imaging modalities fail to detect the neoplasm. Here we 
present the case of a 32year old lady who presented to us with chronic low back pain and thorough evaluation 
helped us to diagnose this rare disease.
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INTRODUCTION

Tumor-induced osteomalacia (TIO) or oncogenic 
osteomalacia, is a rare paraneoplastic syndrome of  
abnormal phosphate and vitamin metabolism caused by 
typically small endocrine tumors of  mesenchymal origin 
that secrete the phosphaturic hormone and fibroblast 
growth factor-23, (FGF-23).[1] Patients usually present 
with muscle weakness, myalgia, and severe generalized 
bone aches of  long duration, which at times render them 
bed-bound.[2]

CASE REPORT

We report a case of  a 32-year-old lady who presented to 
us with progressive low back pain without any morning 
stiffness and both groin pain for the last 2 years. She also 
complained of  aches over the muscles of  the upper and 

lower limbs. For the last 2 weeks, she has been using a stick 
while walking. There was no history of  joint pain, rash, red 
eyes or fever, loss of  appetite, or weight loss.

Examination showed normal vitals and tenderness over 
bony prominences all over the body with restricted external 
and internal rotation of  the right hip. There were no 
swollen joints or tenderness at the enthesial points. Systemic 
examination was unremarkable.

Baseline blood investigations showed normal hemoglobin, 
normal erythrocyte sedimentation rate and C-reactive 
protein, normal liver function tests with normal alkaline 
phosphatase levels [158 IU/L (reference level: 98–250 
IU/L)]. X-ray of  the pelvis showed looser’s zones in 
both pubic rami and undisplaced fracture of  the right 
femoral neck [Figure 1]. This prompted us to work 
up for osteomalacia. Investigations showed normal 
25-hydroxy vitamin D level (32 ng/mL), normal calcium 
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(9.3 mg/dL), low phosphate [1.2 mg/dL (reference level 
3.4–4.5 mg/dL)], and normal intact parathormone level 
[19.8 pg/mL (reference level: 19.6–54.3 pg/mL)]. Urinary 
concentrations of  creatinine and phosphate in a timed 
sample were 67.5 mg/dL (reference level: 20–320 mg/
dL), and 27 mg/dl, respectively. Tubular maximum for 
phosphate (TmP), corrected for glomerular filtration 
rate (GFR; TmP/GFR) was 1.2 mg/dL (reference level: 
2.6–3.8 mg/dL), suggestive of  renal phosphate wasting. 
Serum calcitriol level was very low [<5 pg/mL (reference 
level: 19.9–79.3 pg/mL)]. Plasma FGF-23 level came very 
high [1334.3 RU/mL (reference level: 0–150 RU/mL)] 
indicative of  TIO. Before presenting to us, her primary 
care physician advised whole body bone scan to evaluate 
diffuse body pain and it showed increased radiotracer 
uptake over the sternum—“tie sign”[Figure 2], overgrowth 
plates around the knee joints and prominent costochondral 

beadings— “rachitic rosary sign”[Figure 2]. To localize 
the primary tumor, a whole body magnetic resonance 
imaging (MRI) scan and whole body fluoro-deoxy glucose 
positron emission tomography(FDG PET)-CT scan were 
done but nothing could be found. Next up, we planned 
for a Galium-68 Dotatate PET-CT scan but could not be 
performed due to financial constraints. Our final diagnosis 
was TIO or oncogenic osteomalacia.

The patient was treated with a gradually increasing dose of  
oral sodium acid phosphate (in four divided dosages) and 
calcitriol (in two divided dosages). She tolerated a total daily 
dose of  2 g of  elemental phosphate and 2 μg of  calcitriol. 
The orthopedic surgeon opined delayed intervention of  
fracture till the phosphate level normalizes. Significant 
symptomatic improvement was achieved after almost a 
month of  therapy with serum phosphate level reaching 
2.2 mg/dL.

DISCUSSION

TIO) is a rare paraneoplastic syndrome, in which patients 
present with bone pain, fractures, muscle pain all over 
the body, and muscle weakness.[3] The cause is high blood 
levels of  the phosphate and vitamin D-regulating hormone, 
FGF-23.[4] In TIO, FGF23 is secreted by mesenchymal 
tumors that are usually benign, but are typically very 
small and difficult to locate. FGF-23 acts primarily at 
the renal tubule and impairs phosphate reabsorption 
and 1α-hydroxylation of  25-hydroxyvitamin D, leading 
to hypophosphatemia and low levels of  1, 25-dihydroxy 
vitamin D.[5] A step-wise approach utilizing functional 
imaging (F-18 fluorodeoxyglucose positron emission 
tomography and octreotide scintigraphy) followed by 
anatomical imaging (computed tomography and/or MRI), 

Figure 2: Whole body bone scan images showing increased radiotracer uptake at costochondral junctions, body of sternum, and over-growth plates

Figure 1: X-ray of the pelvis showing looser’s zones (arrows) in both 
pubic rami and undisplaced fracture in the right femoral neck
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and, if  needed, selective venous sampling with measurement 
of  FGF-23 is usually successful in locating the tumors. In 
about 19% of  cases, tumors can be localized.[3] Isotope 
bone scan often reveals characteristic rachitic rosary sign 
or tie sign or increased radiotracer uptake at growth plates 
known as “pseudo-reactivation.”[2] Burosumab is the only 
drug approved for TIO and it acts by blocking the FGF-
23 receptor. Definite therapy for TIO is the removal of  
the primary tumor. If  tumors cannot be located, medical 
treatment with phosphate supplements and active vitamin 
D (calcitriol or alfacalcidol) is usually successful; however, 
this medical regimen is associated with complications, 
especially gastric intolerance.[6]

CONCLUSION

Though hypophosphatemia is a common cause of  
osteomalacia, TIO is a rare entity. Stepwise evaluation is 
necessary for diagnosing this condition. Functional as well 
as anatomical imaging modalities are to be ordered for 
proper localization of  the tumor. Whole body FDG PET-
CT scan often fails to localize these benign tumors because 
of  their low metabolic activity. Medical management alone 
can cause significant symptomatic improvement if  the 

dose of  phosphate and active vitamin D supplementation 
is carefully titrated.
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